The ClpA, ClpB, ClpC, ClpD, ClpX, and ClpY proteins constitute a large family of closely related proteins that are found in both prokaryotic and eukaryotic cells (31) . Several members of the Clp family are chaperones that also can target specific proteins for degradation by association with ClpP (13, 34, 41) . By itself, ClpP has only peptidase activity, but when it is associated with other members of the Clp family, the resulting Clp complex has serine protease activity (23) . The first substrate found to be degraded in vitro by the Clp protease was casein, thus, the designation Clp, for caseinolytic protease (19) . Later, it was shown that several Escherichia coli proteins were degraded in vivo by either ClpAP or ClpXP complexes (10) .
Members of the Clp family of proteins display a modular structure, with both invariant and variant modules (Fig. 1A) . They are classified based on the presence of either one or two ATP binding domains as well as on the occurrence of specific signature sequences (12, 31) . The class 2 Clp proteins, such as ClpX and ClpY, have one nucleotide binding domain (ATP-2 domain) and a C-terminal domain with two conserved regions (signature sequences IV and V; Fig. 1A ). The larger, class 1 proteins (ClpA, ClpB, ClpC, and ClpD) have one additional nucleotide binding domain (ATP-1 domain) and are usually distinguished by the size of the middle region, which separates the two ATP binding domains.
Bacteria contain a plentiful and variable complement of Clp proteins that have diverse functions often associated with stress adaptation. Of the ClpA family, the E. coli member is by far the best studied (28, 42) . While the expression of ClpA is unaffected by stress, the expression of both ClpB and ClpX in E. coli is induced by heat shock. However, only mutants lacking clpB are phenotypically different from wild-type cells, as they show impaired growth at high temperatures (35) . This effect is not likely to be mediated through proteolytic activity, as ClpB, in contrast to both ClpA and ClpX, does not associate with ClpP. While members of the ClpB family are found in many organisms, members of the ClpC family are generally found only in gram-positive bacteria and plants (31) . In Bacillus subtilis, which does not carry a clpB allele, the expression of both clpC and clpX is induced by general stress conditions, and mutants lacking either of these genes are affected in sporulation, competence development, and growth at high temperatures (9, 26) . Similar phenotypes were observed for a B. subtilis clpP null mutant, suggesting that the effects could be mediated through a proteolytic complex (25) . In general, ClpC proteins appear to be able both to function as molecular chaperones (27) and to target proteins for degradation by the ClpP protease (32) .
Lactococci are gram-positive bacteria that are widely used in the dairy industry as acidifiers. Dairy strains of Lactococcus lactis are auxotrophic for a number of amino acids and have acquired the ability to utilize casein, the major protein found in milk, as the source of amino acids in dairy fermentations. When L. lactis grows in milk, the degradation of casein takes place outside the cells and is mediated by the PrtP protease (33) . However, as the Clp protease was originally identified as a caseinolytic protease, we found it intriguing to identify Clp proteins and investigate their role in L. lactis. Recently, we reported the analysis of the clpP gene in L. lactis (7) . The ClpP protease was found to be required for survival at high temperatures and growth in the presence of the tRNA analogue puromycin. Here we report the identification of three clp genes in L. lactis, namely, clpB, clpC, and clpE, the last encoding a member of a new Clp protein family.
MATERIALS AND METHODS
Strains and growth media. L. lactis subsp. cremoris MG1363 (8) cells were grown in either M17 (38) supplemented with 1% glucose (GM17) or minimal morpholinepropanesulfonic acid (MOPS)-based SA medium (18) supplemented with 1% glucose (GSA medium). E. coli XL1-Blue (Stratagene) grown in Luria broth was used for cloning purposes. Puromycin was obtained from Sigma and used at various concentrations.
DNA manipulations and construction of clp disruption strains. MG1363 chromosomal DNA was isolated as described previously (1), and clp-like sequences were amplified with the following degenerate oligonucleotide primers hybridizing to the conserved regions: primer 1, 5Ј-GGTGAAYCNGGTGT(A/C)GGTA AAACYGC-3Ј; primer 2, 5Ј-TCGTCGATYAAATCRATRGCTTTATCYGG-3Ј; and primer 3, 5Ј-TC(A/T)GTYTTYCC(T/G)AC(G/C)CCRGT(A/T)GGGC C-3Ј. In these sequences, Y represents C or T and R represents A or G. The conditions for PCR amplifications were 30 rounds of 30 s at 94°C, 30 s at 49°C, and 45 s at 72°C. For amplification of specific clp alleles, we used the following oligonucleotides: primer B, 5Ј-GTATTGGTCACTGAGCCTACCGTTG-3Ј (nucleotide positions 1011 to 1035 from the clpB ATG start codon); primer C, 5Ј-GCGCAGTGACACTTAGTGTTCGG-3Ј (nucleotide positions 1159 to 1181 from the clpC ATG start codon); and primer E, 5Ј-GATGAGGCTATTGAAG CAGCTGC-3Ј (nucleotide positions 934 to 956 from the clpE ATG start codon).
PCR products were purified with a Qiagen gel extraction kit or PCR purification kit. Mutant strains HI1615 (MG1363 clpE⌬1), HI1632 (MG1363 clpC⌬1), and HI1635 (MG1363 clpB⌬1) were obtained by cloning the PCR products obtained with primer 1 and primer 2 (clpC and clpB) or primer 1 and primer 3 (clpE) (see Fig. 2 ) into the SmaI site of pBluescript II SK(ϩ) (Stratagene), followed by insertion of the erythromycin resistance gene (4) into the BamHI site. The resulting plasmids (pHI1613 carrying clpE, pHI1629 carrying clpC, and pHI1630 carrying clpB fragments), which cannot be maintained in L. lactis, were transformed into MG1363 as described previously (16) , and erythromycin-resistant colonies (2 g/ml) were selected. Another clpE disruption mutant, HI1882 (MG1363 clpE⌬2), carrying only the N-terminal region and ATP-1 domain, was constructed by digesting pHI1613 with Bsu36I and partially with BamHI, religating, and transforming the resulting plasmid (pHI1874) into MG1363 as described above. DNA restriction enzyme digestions were carried out as described by the manufacturer (New England BioLabs). DNA sequence analysis of PCR products was carried out with an ALFexpress DNA sequencer (Pharmacia Biotech).
Phylogenetic analysis. A phylogenetic tree was constructed from the analysis of ATP-1 domains of 22 Clp or Hsp100 proteins by the neighbor-joining method (30) . The ATP-1 domains were defined after alignment with the E. coli ClpA protein, and the regions corresponding to the ClpA sequence from amino acids 186 to 405 were included in the phylogenetic analysis. The tree was constructed from 1,000 bootstrap sample variants by use of the neighbor-joining algorithm in the CLUSTAL W program (39), followed by the DRAWGRAM program included in the PHYLIP package from Joseph Felsenstein. The tree was faithfully redrawn manually with the TOPDRAW program (version 3) for the addition of text.
The amino acid sequences used in the phylogenetic analysis can be found under the following GenBank or SWISS-PROT accession numbers: Southern and Northern hybridizations. Southern and Northern hybridizations were performed at 65°C as described previously (5) . Northern analysis was performed as previously described (1) with RNA isolated from cells grown exponentially in defined GSA medium. Northern blots were quantitated with a Packard Instant Imager and a PDI Imagequant densitometer. For Southern analysis, chromosomal DNA was separated on a 1% agarose gel and transferred to a Hybond immobilizing membrane (Amersham). Probes specific for either clpC or clpE were generated from MG1363 chromosomal DNA by PCR amplification with degenerate primer 3 and specific primer B, C, or E (see above). The probes were labeled with 32 P-dATP (Amersham) by random priming (Pharmacia).
Western blot analysis. Proteins from cells lysed as described previously (20) were separated on sodium dodecyl sulfate-polyacrylamide (7.5 or 10%) gels. Transfer and Western blot analysis were performed (17) with a 1:4,000 dilution of primary antibody Hsp104 (kindly supplied by S. Lindquist) and a 1:10,000 dilution of anti-rabbit horseradish peroxidase-conjugated secondary antibodies (Promega). Retained secondary antibodies were detected with a Renaissance detection kit (Dupont, NEN Research Products). 35 S-methionine labeling of proteins, sample preparation, and two-dimensional protein gel electrophoresis were performed as described by Kilstrup et al. (20) .
Stress tolerance. Tolerance of puromycin was examined by plating appropriate dilutions of exponentially growing wild-type and mutant cells on GM17 plates containing various concentrations of puromycin. After incubation at 30°C for either 1 or 2 days, the colonies were photographed at a 15-to 60-fold magnification; the colony size (in millimeters) was measured for at least 15 colonies from plates on which the colony size appeared homogeneous and for 30 colonies when wild-type cells were plated in the presence of 20 g of puromycin per ml. Tolerance of heat and salt was examined by plating exponentially growing cells in either the presence or the absence of 4.0% NaCl and incubating the plates at 30°C or plating in the absence of salt and incubating the plates at temperatures of 30 to 37°C. The number of colonies and the colony size were evaluated.
Nucleotide sequence accession numbers. The partial clpB nucleotide sequence has been submitted to the GenBank database under accession no. AF023423. The clpC sequence has been submitted to GenBank under accession no. AF023422. The clpE nucleotide sequence has been submitted to GenBank under accession no. AF023421.
RESULTS
Identification of clpB and two additional clp-like genes in L. lactis MG1363. We took advantage of the conservation among Clp proteins in designing degenerate oligonucleotide primers located in either of the two ATP binding regions, ATP-1 and ATP-2, present in class 1 Clp family members. Primer pair 1 (primers 1 and 2 in Fig. 2A ) was designed to amplify a 580-bp fragment covering most of the ATP-1 region (Fig. 1A) , whereas primer pair 2 (primers 1 and 3), in addition to covering the ATP-1 region, covered the middle region separating ATP-1 and ATP-2 (Fig. 1A) . By PCR amplification of chromosomal DNA from L. lactis MG1363 with primer pair 1, we obtained a 580-bp PCR product. Subcloning and sequence analysis of this product revealed that it represented three clplike sequences. With primer pair 2, we obtained a 1-kb PCR product which represented a single Clp homologue already identified with primer pair 1.
When we analyzed the PCR products obtained with primer 3 and each of the primers specific for the three clp alleles (B, C, and E in Fig. 2A ), we found that the distance between the ATP-1 and ATP-2 domains in two of the alleles (designated clpC and clpE) was as expected for the ClpC family (data not shown). In the third clp allele, the distance indicated that it belongs to the ClpB family (data not shown), and the gene was named accordingly. Recently, the DNA sequence of the entire clpB gene was released (GenBank accession no. AF16639), showing that it encodes a 97-kDa protein and is followed by a Rho-independent terminator structure.
Analysis of clpC. In order to classify the two L. lactis clpClike genes, we determined the DNA sequences of both alleles from sets of overlapping PCR products generated by a new (24) . A putative coiled-coil heptad motif (abcdefg) in which the first and fourth amino acids are hydrophobic (bold) is indicated. Also shown is the ClpE-specific signature sequence (El) and a PDZ-like domain (believed to be involved in protein-protein interactions) deduced from the E. coli ClpA (M31045) and ClpB (M29364) proteins and from the S. cerevisiae Hsp104 (M67479) and Hsp78 (L16533) proteins (21) . Residues identical to the signature sequences are indicated by gray shading, whereas amino acids matching the UvrB or UvrC sequences or the PDZ-like consensus sequence are in boldface. h, hydrophobic amino acid; e, D or E; t, S or T. (15) . One of the genes, clpC, which encodes a 90-kDa product, is followed by a putative Rhoindependent terminator located 65 bp downstream of the gene. When examining the deduced amino acid sequence of ClpC, we found that the ATP-1 and ATP-2 domains are separated by approximately 100 amino acids, typical of ClpC and ClpD protein family members (31) (Fig. 1B) . L. lactis ClpC carries two copies of amino-terminal signature sequence I, characteristic of the ClpC family, but no signature sequence II in the middle domain (Fig. 1B) . To clarify the relationship of L. lactis ClpC to other Clp proteins, we constructed a phylogenetic tree based upon a comparison of the amino acid sequences of ATP-1 domains from a number of Clp proteins by using the neighbor-joining method (30) . The unrooted phylogenetic tree (Fig. 3) suggests that the L. lactis ClpC protein belongs to a subgroup of the ClpC family which includes members from the spirochete Serpulina and the evolutionary ancient thermophile Aquifex. When the phylogenetic relationship was analyzed by a parsimonious method, we found the same general organization (data not shown), which agrees well with a previously published parsimonious analysis of the ATP-1 domains for the class 1 Clp proteins (31) . Thus, the L. lactis ClpC protein is a true member of the ClpC family despite its lack of a conserved ClpC signature sequence II.
clpE encodes a member of a new Clp family. The nucleotide sequence of the second clpC-like gene, clpE, was found to overlap the partial sequence of a previously identified clp gene of L. lactis. The gene is situated upstream of the gap gene, encoding glyceraldehyde-3-phosphate dehydrogenase (3). The intact clpE gene encodes an 83.3-kDa product followed by a putative transcription terminator (3). When analyzing ClpE, we found that the middle region resembles those of the ClpC and ClpD families and that both ClpC signature sequences II and III are present (Fig. 1B) . However, in contrast to the ClpB, ClpC, and ClpD proteins, the ClpE protein has a very short N-terminal domain and, while lacking signal sequence I, contains a motif with the consensus sequence -CX 2 CX 22 CX 2 Cthat may constitute a zinc binding domain (2) . Furthermore, we noted a striking homology between signature sequence II of the ClpC and ClpE families and a domain present in both the UvrB and the UvrC proteins from a number of bacteria (Fig.  1B) .
While the entire ClpE protein shows homology to a recently identified B. subtilis ClpE protein (GenBank accession no. Z99111), the N-terminal region resembles OrfX, encoded by a partially sequenced clp gene from Lactobacillus sake (36) . In the phylogenetic analysis based on the ATP-1 domain, we found that the ClpE proteins of L. lactis and B. subtilis form a separate ClpE family distinct from all other families (Fig. 3) . A similar organization was also found in a parsimonious analysis (data not shown). OrfX from L. sake was not included in the analysis, as the available sequence does not cover the ATP-1 domain. The combined results clearly show that the L. lactis ClpE protein is part of a new Clp family (ClpE).
clpE disruption reduces puromycin tolerance. To gain further insight into the role of the Clp proteins in L. lactis, we
FIG. 2. L. lactis clp genes. (A) The L. lactis clpB, clpC, and clpE genes are shown as open boxes, and the EcoRI restriction endonuclease sites as well as putative
Rho-independent transcription terminator structures (T) are indicated. The dark grey boxes indicate the DNA amplified with degenerate primers 1 and 2. The allele-specific primers are indicated by B, C, and E; for generating probes specific for each of the clp genes, these primers were used in PCR with degenerate primer 3. The dark and light grey boxes together indicate the portions of the clp genes expressed in each of the mutants HI1635 (clpB⌬1), HI1632 (clpC⌬1), and HI1615 (clpE⌬1). (B) Chromosomal DNA isolated from wild-type (wt) (L. lactis MG1363) cells or HI1635 (clpB⌬1), HI1632 (clpC⌬1), and HI1615 (clpE⌬1) mutant cells was separated on a 1% agarose gel and hybridized with probes specific for either clpC (obtained with primers C and 3) or clpE (obtained with primers E and 3) or with a probe that recognizes all three alleles (obtained with primers 1 and 2).
insertionally inactivated either clpB, clpC, or clpE by transforming MG1363 cells with plasmids that, in addition to the erythromycin resistance gene, also carried PCR products internal to the clp genes. Since the E. coli plasmid vector carrying the PCR products cannot be maintained in L. lactis, erythromycin-resistant colonies should arise only after a single crossover recombination event with the corresponding chromosomal allele. The mutants were designated clpB⌬1, clpC⌬1, and clpE⌵1.
By Southern blotting, we analyzed chromosomal DNA isolated from both wild-type and erythromycin-resistant cells with probes that were specific for either clpB, clpC, or clpE and that had been generated by PCR with primer 3 and either primer B, C, or E ( Fig. 2A) . In accordance with the DNA sequence, we found that for DNA isolated from wild-type cells, the clpCspecific probe hybridized specifically with a 1.3-kb DNA fragment and the clpE-specific probe reacted with a 1.7-kb DNA fragment (Fig. 2B) , whereas the clpB-specific probe reacted with 500-bp, 3-kb, and 3.5-kb EcoRI DNA fragments (data not shown). When using a probe consisting of the 580-bp PCR product obtained with degenerate primers 1 and 2 and representing clpB, clpC, and clpE DNA ( Fig. 2A) , we observed hybridization to DNA fragments of 1.3, 1.7, and 3.5 kb for which mobility was altered in clpC, clpE, and clpB mutant cells, respectively (Fig. 2B) . Since the clpE open reading frame in the clpE disruption mutant initially constructed (clpE⌬1) was larger than either the clpC or the clpB open reading frame in the respective mutants, we also constructed a mutant that carried a clpE gene truncated immediately after the ATP-1 domain (clpE⌬2; HI1882).
Next, we compared the phenotypes of the clpB⌬1 (HI1365), clpC⌬1 (HI1632), and clpE⌬1 (HI1615) mutant strains to that of the wild-type strain MG1363. While we did not detect altered heat or salt sensitivity, we found that clpE mutant cells were more sensitive to the tRNA analogue puromycin (Table  1) . This antibiotic prematurely terminates translation, resulting in the synthesis of truncated, randomly folded proteins that in E. coli and L. lactis induce the heat shock response (7, 40) . At 10 g of puromycin per ml, the colony size was reduced equally in both wild-type and mutant cells, compared to the size ob- tained when cells were plated in the absence of puromycin (Table 1) . However, at 14 g of puromycin per ml, the colony size of clpE⌬1 mutant cells was reduced fourfold compared to those of wild-type, clpB⌬1 mutant, and clpC⌬1 mutant cells. At 20 g/ml, clpE⌬1 mutant colonies were barely detectable, while wild-type cells and clpB⌬1 and clpC⌬1 mutant cells formed colonies. When we investigated the clpE disruption mutant carrying a larger deletion (clpE⌬2), we found the same phenotype as for the clpE⌬1 mutant (data not shown). Interestingly, after 2 days of incubation in the presence of 20 g of puromycin per ml, colonies of clpE⌬1 mutant cells remained almost undetectable, whereas wild-type cells formed colonies that were larger but highly variable in size. In contrast, both the clpB⌬1 and the clpC⌬1 mutant cells formed colonies with five times greater efficiency than wild-type cells, and the colonies were homogeneous in size and almost twice as large as wild-type colonies (Table 1 ). Our data show that the disruption of clpE reduces the tolerance of L. lactis for puromycin, whereas the disruption of either clpB or clpC results in cells with a slightly higher tolerance for puromycin than wild-type cells. clpB, clpC, and clpE expression is induced by heat shock. The expression of clp-like gene products is often induced by heat shock, suggesting a role for these proteins in stress adaptation. In order to evaluate if the L. lactis clp gene products also are induced by stress, we identified the Clp proteins (Fig.  4) . By using two-dimensional protein gel electrophoresis, we found that in heat-treated clpB⌬1 mutant cells, proteins of 84 and 100 kDa were missing (Fig. 4A) , while in clpE⌬1 cells, an 85-kDa protein spot was absent (Fig. 4C ), in comparison with the protein pattern of heat-treated wild-type cells (Fig. 4D) . These results were confirmed by Western blot analysis with an antibody raised against the Saccharomyces cerevisiae ClpB homologue Hsp104. Two proteins reacting with the antibody were absent in clpB⌬1 mutant cells (Fig. 4F, lane 1) , while the intensity of an 85-kDa band was greatly reduced in clpE⌬1 cells (lane 3). Curiously, in clpE⌬1 mutant cells, a new protein of approximately 50 kDa reacted with the antibody. The size of this protein corresponds to the size of the expected product (54 kDa) of clpE when truncated at the position of primer 3 (corresponding to amino acid 486). The clpE⌬2 mutant (HI1882) also synthesized a ClpE protein (40 kDa) that was induced by heat shock (data not shown). Interestingly, the protein pattern of clpC⌬1 mutant cells resembled that of wildtype cells when investigated either by two-dimensional gel electrophoresis (Fig. 4B) or by Western blot analysis (Fig. 4F, lane  2) . In cells which did not receive heat treatment, the clp gene products were barely visible ( Fig. 4E and F, lane 5) . Thus, both the clpB and the clpE gene products are strongly induced by heat shock.
Next, we examined if stress regulation of the L. lactis clp genes occurs at the transcriptional level by reacting probes specific for each of the clp alleles (see above) with RNA iso- lated from cells grown at 30°C or shifted to 43°C for different periods of time (Fig. 5) . By densitometric tracing of the Northern blots, we found that both clpB and clpE mRNA levels were induced approximately 10-fold ( Fig. 5B and C) , while the clpCspecific probe detected a transcript that was induced 3-fold by heat shock (Fig. 5A) . The specificity of the probes was confirmed when mRNA isolated from clpC or clpE mutant cells was analyzed. In clpE mutant cells, the clpE transcript was reduced in size (Fig. 5B, lane 5) ; in clpC mutant cells, the clpC transcript was absent (Fig. 5A, lane 6) ; and the clpB-specific probe detected full-length transcripts in both clpC and clpE mutant cells (Fig. 5C, lanes 5 and 6) . The temporal induction profiles were similar for all three genes, and the amount of clp mRNA was greatest 15 min after heat application (Fig. 5D) . Curiously, more than one transcript size was detected for each of the three genes. Currently, we do not know if these transcripts have arisen from separate transcriptional initiation sites or if the primary transcripts are specifically processed.
DISCUSSION
L. lactis is a gram-positive bacterium frequently used in dairy fermentations. We have identified for L. lactis three genes, clpB, clpC, and clpE, that all encode Clp proteins with two conserved ATP binding domains (class 1). Based on a phylogenetic analysis of the first ATP binding domain of 22 Clp family members, we found that ClpE is part of a new Clp protein family. This family could be common to gram-positive bacteria, as clpE genes have recently been detected in B. subtilis and L. sake (GenBank accession no. Z99111) (36) . A short N-terminal region including a motif (-CX 2 CX 22 CX 2 C-) that potentially can form a zinc finger (2) characterizes the ClpE family. A similar motif (-CX 2 CX 18 CX 2 C-) has also been found in ClpX (11) , and recently it was reported that a zinc finger present in the molecular chaperone DnaJ is involved in binding to denatured protein substrates (37) .
The middle domain of ClpE contains a signature sequence II resembling that characteristic of the ClpC and ClpD families. Curiously, we found that this signature sequence shows homology to a domain also present in the UvrB and UvrC proteins from several bacteria (Fig. 1) . During DNA repair, this domain mediates the interaction between UvrC and UvrB (14, 22, 24) ; thus, it might constitute a site for interaction either between ClpE monomers or between ClpE and the DNA repair system.
In addition to clpE, we identified two other clp genes in L. lactis, the DNA sequence for one of which (encoding a ClpB family member) was recently released (GenBank accession no. AF016634). The third clp gene was designated clpC. Like other genes in the ClpC family, it encodes a product with two copies of signature sequence I in the N-terminal region; however, unlike that in other ClpC family members, signature sequence II in the middle domain is absent.
When investigating the expression of the clp genes by Northern blot analysis, we found that both clpB and clpE mRNA syntheses were strongly induced by heat shock (10-fold), while that of clpC mRNA was only moderately induced (3-fold). At the protein level, we also found that the clpE gene product and the two products encoded by the clpB gene were strongly induced by heat. Two protein products are encoded by the clpB genes of E. coli (29) and the cyanobacterium Synechococcus sp. strain PCC 7942 (6); translation of the smaller products in both cases is initiated at an internal GTG start codon. When we inspected the DNA sequence of the L. lactis clpB gene for alternative translational start sites, we found a GTG codon at position 151, preceded by a putative ribosome binding site (GG AGGTGA). Initiation at this position would result in an 80-kDa product in addition to the full-length product of 97 kDa, in agreement with the observed products of 84 and 100 kDa. We furthermore confirmed that one of the two proteins is not a processed form of the other by determining the ratio between the two clpB gene products at different times. After incubation of cells with 35 S-methionine for 10 min at 43°C followed by a chase with a 100-fold excess of unlabeled methionine, we monitored the ratio between the two forms of ClpB at both 43 and 30°C by two-dimensional protein gel analysis (data not shown). Since at both temperatures we found the same ratio between the two ClpB proteins throughout the experiment, we conclude that the two forms are not interconverted or that processing is concomitant with translation.
When we examined the phenotypes of the clpB, clpC, or clpE disruption mutants, we found that the mutants were as tolerant of heat and salt as the wild type. However, while the clpE mutant cells were sensitive to puromycin, both clpB and clpC mutant cells were slightly more resistant to puromycin than wildtype cells. Since puromycin is an antibiotic that interferes with translation, resulting in the production of truncated, randomly folded proteins, ClpE could recognize such proteins, leading to subsequent degradation by the ClpP protease. In support of this proposal is the finding that disruption of the L. lactis clpP gene also results in sensitivity to puromycin (7) .
